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The necessity of using pure carbonyl sulfide to prevent corrosion 
on copper 
Vermeidung von Korrosion an Kupfer durch den Einsatz von reinem Carbonylsulfid 
Yonglin Ren, Rudy Plarre and Jim Desmarchelier 
Abstract 
Fumigants need tobe effective against insect pests but must not 
corrode or damage materials that they come into contact with. 
Carbonyl sulfide (COS), which is regarded as a potential alter-
native to methyl bromide, does not corrode copper when applied 
in a purified formulation. However, contamination of industrially 
manufactured carbonyl sulfide by hydrogen sulfide can cause 
corrosion on copper. Only pure COS should be applied for a fu-
migation. 
Key words: Carbonyl sulfide, fumigation, stored products pro-
tection, materials protection, corrosion 
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Zusammenfassung 
Begasungsmittel düifen neben einer abtötenden Wirkung auf 
Schädlinge jedoch keine materialverändernden Eigenschaften 
aufweisen. Carbonylsulfid (COS), das als eine zukünftige Alter-
native z.u Bronunethan im Vorratsschutz angesehen wird, ist in 
seiner reinen Form nicht korrosiv. Geringe Verumeinigungen 
von Schwefelwasserstoff in industrieU hergestelltem Carbonyl-
sulfid wirken jedoch korrosiv auf Kupfer. Bei einer Begasung 
mit COS ist daher auf die Reinheit des Gases zu achten. 
Stichwörter: Carbonylsulfid, Begasung, Vorratsschutz., Mate-
rialschutz, Korrosion 
278 YoNGLIN REN u. a., The necessity of using pure carbonyl sulfide 
lntroduction 
The search for new fumigants to control pest infestations in 
stored products or in timber is motivated by the fact that certain 
fumigants will be phased out due to their destructive impact on 
the environment. Carbonyl sulfide (COS) is regarded as one of 
the potential alternative fumigants to those currently in use (CAT-
LEY, 1993 ). The efficacy of COS against a variety of stored prod-
uct insects has been studied in detail by DESMARCHELIER ( l 994a, 
1994b), PLARRE and REICHMUTH (1996, 1997), and ZETTLER et al. 
(1996, 1997). However, before a fumigant can be used to desin-
fest certain commodities or facilities, possible negative side-ef-
fects, like altering the properties of materials, must be mied out. 
Most storage facilities are run by modern computer based tech-
nology, therefore, the application of any fumigant that might 
cause corrosion on copper will not be acceptable. REN ( 1996) re-
ported that COS was not degraded to hydrogen sulfide (H2S) and 
was also not absorbed by both copper tubing and copper powder 
at 75 % r.h . and 25°C. That is, in its pure form, COS does not cor-
rode polished copper. However, contamination by as little as 
1 ppm of elemental sulphur or H2S causes copper to discolour 
(FERM, 1957). PLARRE and REICHMUTH ( 1997) found corrosion 
on copper during their trials and attributed the corrosive effect to 
H2S formed by degradation of COS to carbon dioxide (C02) and 
H2S under the high relative humidity of 70 % ± 10 %. lt is known 
that COS reacts in the presence of water or water vapor to form 
C02 and H2S. However, because this reaction is very slow 
(STOCK and Kuss, 1917; FERM, 1957), and COS is relatively sta-
ble towards acids, with both H2S and C02 being acidic, this is un-
likely to have occurred in this case. lt is more likely that the ap-
plied COS, with a purity of 97 %, was contaminated with small 
amounds of H2S prior to the fumigation. To investigate this be-
lief, we conducted a corrosion study on copper using both unpu-
rifie<l and purified COS. 
Materials and Methods 
Two sections of polished copper pipes (25 mm x 5 mm o.d.) were 
placed in Erlenmeyer flasks (270 ml capacity) with ground-glass 
joints (Bibby Sterilin, Staffordshire, UK; Cat. No. FE 250/3). 
T_he atmosphere in the fumigation flasks before loading the 
p1eces of copper and sealing of the flasks was conditioned at 70 
± 3 % relative humidity and 25 ± 1°C. The sealing tops with rub-
ber septa were a cone screw thread adaptor (Quickfit, ST5, Bibby 
Sterilin). Carbonyl sulfide (unpurified l 00 mg/L or purified COS 
100 mg/L) was injected with a gas syringe through a septum into 
the sealed flasks. An equivalent flask, which did not contain any 
samples was used as a standard flask to calculate the concentra-
tion of COS. A similar flask contained the copper samples but no 
COS, to provide an unfumigated copper standard. A sample of 
the gas in the headspace was injected into a gas chromatograph 
at timed intervals. The fumigated samples were compared to the 
unfumigated copper after 49 hours exposure and assessed for 
possible discolouration of the metal. The relative humidity in 
each of the flasks was measured at the end of the experiment by 
inserting a Vailsa HMI 4 1 humidity and temperature indicator, 
which fitted tightly in the opening of the flasks . Each treatment 
was duplicated. 
The unpurified COS manufactured by Matheson Gas Prod. 
INC. (USA) was estimated to contain 86.1 % COS with the rest 
being H2S (10.4 %) and C02 (3 .5 %). In order to gain purified 
COS, the manufactured COS gas was bubbled through a cupric 
sulfate (CuS04) solution to remove the H2S. lt had an estimated 
purity of 96.5 % with 3.5 % of CO, . 
The concentrations of COS wer~ determined on a GOW-MAC 
mass density balance (GOW-MAC Instrument Co., Madison, 
NJ), after separation on a 1 m x 5 mm i.d. porapak Q 100/120 
mash (Alltech Associates, Cat. No. 2702) at 105°C and carrier 
(N2) flow of 150 mL/min. The reference gas was tetrafluo-
roethane (> 99.9 % pure). 
The gas concentration was checked daily by GC injection of a 
headspace sample of 20 µl. Carbonyl sulfide and H,S was deter-
mined on a GC-6AM Shimadzu GC (Shimadzu Sei;akusho, Ky-
oto, Japan), fitted with a flame photometric detector (FPD), sul-
fur model. Separation was achieved on a 1 m x 3 mm i.d. glass 
column packed with HayeSep Q (Alltech Associates, Baulkham 
Hills, Australia, catalogue no. 2801) at 115 °C and carrier flow 
(N2) of 40 mL/min at 0.8 psi. 
Results 
The relative humidity in the flasks at the end of the exposure was 
at 71± 4 %. The highest reading for the purified COS treatment 
was _73 '.o and 74 ~ for the unpurified COS treatment. Normally, 
funugatlon is carned out at relative humidities of less than 70 %. 
Her~ ~ warst case sceneario was tested because, for many com-
mod1t1es (such as wheat, barley, sorghum, paddy and maize), 
their moisture content is 13.5- 14.5 % (wet basis) in equilibrium 
with a relative humidity of - 70.0 % at 25 °C (ROBERTS, 1972). 
The concentration of COS in the headspace over the copper 
tubmg remamed constant du ring the 49 hours exposure as shown 
in Figure 1. That is, no loss of COS occurred in the headspace 
over the copper tubing compared with the control. This result in-
dicates that COS was not degraded to H2S and was also not ab-
sorbed by copper tubing at 25 °C and 71 % r.h. However, H2S was 
disappeared in the unpurified COS flask after 2 hours exposure. 
Based on this result, only H2S was adsorbed by copper. These 
results are consistent with results from REN 1996. 
Tarnishing of copper tubing was assessed in blind tests by 12 
people working in related areas but with no direct knowledoe of 
or input into thi.s experiment. The results show that only the° cop~ 
per tubmg, wh1ch had been exposed to unpurified COS, had a 
s~rong discolouration, a dark blue hue (Figure 2). The copper 
p1eces exposed to purified COS showed very littler change in 
colour compared to the unexposed control samples (Figure 2). 
Only 4/12 people identified a small amount of discolouration 
from purified COS, relative to the control samples. Based on 
these results, tarnishing of copper tubing was obtained from H,S. 
lt is evident that COS was stable in the presence of copper-at 
25 °C and 71 % r.h. 
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Fig. 1. Concentration of carbonyl sulfide (COS) over the copper tubing 
(C), relative to COS in the absence of copper (Co.). 
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In order to prevent corrosion it is very important to use only pure 
carbonyl sulfide. Even small amounts of H 2S contamination can 
cause noticeable changes in copper. Manufactured, ready to use 
COS has not the purity which is necessary to prevent corros ion 
effects. However, when purified COS is applied , corros ion w ill 
not occur, even at high bumilities bke 70 %. The degradatio n of 
pure COS in high relative humidities is too s low to form corro-
s ive H 2S. 
Acknowledgments 
The authors thank Dr. JANE WRIGHT and Mr. COLLIN WATERFORD 
for fruitful advice and the Stored Grain Researc h Laboratory 
(SGRL) agreem e nt for financial assistance. 
Literature 
CATLEY, A. C„ 1993: Carbonyl Sulphide, a potential methyl bromide 
substitute. NAPPO Newsletter 13 (4), 2. 
DESMARCHELI ER, J. M_, l 994a: Fumigant news: Carbonyl Sulphide. 
Newsletter of Stored Grain Research Laboratory CSIRO, 3. 
DESMARCHELIER, 1. M., l 994b: Carbonyl Sulphide as a Fumigant for 
control of insects and mites. In: HJGHLEY, E„ WRJGHT, E. J„ BANKS, H. 
J„ CHAMP, B. R. (eds.). Proceedings 6'" International working Con-
fe rence on Stored-Product Protection , Canberra, Australia, 78-82. 
FERM, R. J„ 1957: The chemistry of Carbonyl Sulphide. Chemical Re-
view 57, 62 1- 640. 
Nachrichtenbl. Deut. Pflanzenschutzd. 52. 2000 
YoNGLiN REN u. a„ The necessity of using pure carbonyl s ulfide 279 
j 
' 
Treated with 
unpurified COS 
Fig . 2. Colour change of copper alter 
treatment with carbonyl sulfide 
(COS) for 49 hours at 70 ± 3 % r.h. 
and 25 ± 2 °c. 
PLARRE, R. und CH. REICHMUTH, 1996: Wirkung von Carbonylsulfid 
(COS) auf Sitophilus gra11ari11s, F11sariw11 ave11ace11111, Fusari11111 c11/-
111om111 und mögliche Korrosionseigenschaften an Kupfer. Nachrichten-
blatt des Deutschen Pflanzenschutzdienstes 48, 105- 11 2. 
PLARRE, R. and CH. REICHM UTH, 1997: Effects of carbonyl sulphide 
on Sitophilus gra11ari11s (L.) (Coleoptera: Curculionidae), F11sariw11 
c11/111om111 and F11sari11111 ave11avew11 (Sacc.) (Deuteromycotina: Hy-
phomycetes), and corrosion on copper. In: DoNAHAYE, E. J„ NAVARRO, 
S„ VARNAVA, A. (eds.). Proceedings International Conference Controlled 
Atmosphere and Fumigation in Stored Products, Nicosia, Cypres, 
59- 71. 
REN, Y. L„ 1996: Carbonyl sulphide as a Fumigant for grain and timber 
- efficacy towards organisms and Formation of residues. Ph.D. Thesis, 
University of Canberra, Australia. 
ROBERTS, E. H„ 1972: Viability of seeds. Chapman and Hall Ltd„ Lon-
don, 430-433. 
STOCK, A. und E. Kuss, 1917: Zur Kenntnis des Kohlenoxysul fides 
COS. Berichte der Deutschen Chemischen Gesellschaft 50, 159- 164. 
ZETTLER, J. L„ J. G. LEESCJ-1 , R. F. GILL, and B. E. MACKEY, 1996: Toxi-
ci ty of carbonyl sulfide to stored product insects. Proceedings Annual In-
ternational Research Conference on Methyl Bromide Alternatives and 
Emissions Reductions, Orlando, Florida, USA: 11 411 - 114/2. 
ZETTLER, J. L„ J. G. LEESCH, R. F. GrLL, and B. E. MACKEY, 1997: Toxi-
city of carbonyl sulfide to stored product insects. Journal of Economic 
Entomology 90, 832- 836. 
Accepted: 2 February 2000 
A111hor's address: D1: Rudy Plarre, 81111desa11stalt.fiir Materia(forschu11g 
1111d -priifi111g, Lab. Jl/J 1, U11ter den Eichen 87, D-12205 Berlin 
